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Field Weakening Operation of Slotless Permanent Magnet Machines using Stator Embedded Inductor






ABSTRACT
This article presents a comprehensive design methodology to improve the field weakening (FW) operation of low inductance slotless permanent magnet synchronous machines (PMSMs). The proposed concept of using a stator embedded inductor integrated with the torque producing machine windings helps achieve a wide constant power speed range (CPSR) and a desired torque/speed characteristics. Key performance parameters including system efficiency and PWM induced current ripple are summarized for scenarios with and without the embedded inductor in the entire operating range using 2-D finite element analysis. The concept helps to achieve the desirable extended torque/speed range. It also helps to improve the efficiency beyond the base speed operation for a high speed, high power machine. In addition to achieving desired CPSR, this method also helps to reduce the PWM induced current ripple, short circuit current, and current ripple induced core losses. A slotless machine with the integrated embedded inductor has been designed following the proposed design guidelines to extend the CPSR, and a prototype motor has been built to validate the simulation results with the experimental results.


                            
CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

· The majority of existing papers referring to the analysis of wind energy systems, use simulation tools that are more focused on the detailed simulation of the control system rather than the machine. 
· The geometric positioning of the nodal elements that model different regions of the machine, is established according to the existing main magnetic flux paths.
· The airgap meshing is controlled by the number of existing nodal elements at the stator–airgap border, and the rotor–airgap border. 
· In the proposed strategy, the existing back-EMF and position estimator are used and no additional algorithm or specific voltage vector injection is required. 
2.1.1 DRAWBACKS OF EXISTING SYSTEM  : 
· A non-salient pole permanent magnet machine has low phase inductance due to higher effective airgap and has limited field weakening range. 
· This problem is severe in slotless or coreless topology due to the low phase inductance. 
· The output power decreases faster above the base speed compared to the slotted topology.However, a wide constant power range is essential for transportation applications. 
· Therefore, the machine and power electronics have to be oversized to match the torque and speed specifications.
· One problem for the generality of the result is the dependence on the pole pitch which varies greatly depending on the size of the machine. 
2.2. PROPOSED SYSTEM 
· The proposed method can detect both mechanical and electrical faults. However, two-pole machines provide an extra challenge, as they have the same mechanical and electrical frequency.
· Because motor restarting is generally practiced at medium and high speeds, a restarting strategy for back-EMF-based sensorless PMSM drives is proposed in this paper.
· These techniques can be used in future works as auxiliary tools to complement the fault diagnosis by using the proposed methodology, being not in the scope of the present work.
· The main objective was to point them out and show how they have been approached. Moreover, the influence of saturation and power factor in SG fault detection is not addressed, being proposed for future works.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
· Permanent magnet machines are increasingly used in different applications including EV, HEV, UAV, drones, solar powered aircraft, flying cars, servo, electric power steering (EPS), and compressors due to its superior performance compared to other machine topologies.
· A series compensation technique using two inverters with distributed controllers to improve the flux weakening performance of an interior permanent magnet machine is presented in .
· The embedded inductor effectively increases the d−axis inductance and improves the FW performance. The design constraints and steps to achieve the optimal CPSR or extended FW range in a slotless motor is presented.
· Hence, Halbach increases the torque per inertia and improves the dynamic performance as well. 

Literature Survey:
	             TITLE
	            AUTHORS
	     DESCRIPTION

	Design Optimization of a SurfaceMounted Permanent-Magnet Motor With Concentrated Windings for Electric Vehicle Applications
	J. Wang, X. Yuan and K. Atallah, 
	Optimizations were carried for these parameters to minimize the total energy losses over the driving cycle.

	Design and Analysis of 42-V Coreless Axial-Flux Permanent-Magnet Generators for Automotive Applications
	S. Javadi and M. Mirsalim, 
	The structure is of a special design that is suitable for flux weakening in variable speeds.

	High speed drive using a slotless PM motor
	N. Bianchi, S. Bolognani and F. Luise, 
	The difficulties found during the realization of a 30-krpm 1-kW PM motor prototype are also highlighted.

	Slotless lightweight motor for drone applications
	M. S. Islam, I. Husain and R. Mikail, 
	This paper proposes a slotless, lightweight permanent magnet (PM) motor for drone applications.



2.3 FEASIBILITY STUDY
The feasibility Analysis is an analytical program through project manager determines the project success ratio and through feasibility study project manager able to see either project. The key considerations involved in the feasibility analysis are:
· Economic Feasibility
· Technical Feasibility
· Operational Feasibility
· Environmental Feasibility
2.3.1 ECONOMICAL FEASIBILITY
Hence this project is economically feasible there is no need to involve any cost for this project. 
2.3.2 TECHNICAL FEASIBILITY
Software Technologies used are PHP and MySql. In the educational institutions, it is possible to update the system in future. No special hardware is required for the purpose of using this system. Hence it is declared that this project is technically feasible.
2.3.3 OPERATIONAL FEASIBILITY
As the admin work mainly to maintain the Patient and Doctor .Doctor will predict patient cancer disease. Hence it is easy to operate with training. Therefore it is operationally feasible for implementation.
2.3.4 ENVIRONMENTAL FEASIBILITY
This project environment is correct as a admin has developed this system and no expenditure is involved under any head and this process is part of admin document management, this project environment is accessible.   
2.4 SYSTEM REQUIREMENTS
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse	: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.1 HARDWARE REQUIREMENTS
             The Hardware of the computer consists of physical component such as Input Devices, Storage Devices, Processing & Control units and Output Devices.  Computer includes external storage unit to store data in programs.
           The Hardware Configuration involved in this project
· System	:  Pentium IV 2.4 GHz.
· Hard Disk	: 40 GB.
· Monitor	: 15 inch VGA Color.
· Mouse 		: Logitech Mouse.
· Ram		: 512 MB
· Keyboard	: Standard Keyboard

2.4.2 SOFTWARE REQUIREMENTS 
 	Software is a group of programs that computers need to do a particular task.  It is an essential requirement of Computer System. The Software used to develop the project is
· Operating System	: Windows XP.
· Platform		: DOT NET TECHNOLOGY
· Front End		: ASP.Net 3.5
· Back End		: SQL SERVER 2005






CHAPTER 3
  SYSTEM DESIGN AND DEVELOPEMENT
SYSTEM ARCHICTURE
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CHAPTER 4
TESTING AND IMPLEMENTATION

0. TESTING
 Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one.

 4.1.1Unit Testing
	Unit testing comprises the set of tests performed by an individual programmer prior to integration of the unit into a larger system. The module interface is tested to ensure that information properly flows into and out of the program unit. The local data structure is examined to ensure that data stored temporarily maintains its integrity during all steps in an algorithm’s execution. Boundary conditions are tested to ensure that the module operates properly at boundaries established to limit or restrict processing. All independent paths through the control structure are tested. All error-handling paths are tested.

4.1.2 Block Box Testing
Black-box testing is a method of software testing that examines the functionality of an application without peering into its internal structures or workings. This method of test can be applied virtually to every level of software testing: unit, integration, system and acceptance. It is sometimes referred to as specification-based testing.




4.2 SYSTEM IMPLEMENTATION
Implementation is the stage of the project when the theoretical design is turned into a working system. This is the final and important phase in the system life cycle It is actually the process of converting the new system into a operational one. 

















                               CHAPTER 5
CONCLUSION:
    An integrated design to improve the field weakening operation of a slotless motor is presented. To achieve the desired CPSR, an embedded inductor inside the stator lamination is designed and carefully positioned. It is shown that the proposed system can overcome the field weakening limitation of a slotless topology and can achieve a very wide speed range(CPSR=2,3,4,..) depending on the application requirement. Moreover, the proposed system improves efficiency, output power, and power factor beyond the base speed operation. Moreover, the added advantages of this technique are reduced PWM current ripple, and reduction of ripple induced iron loss. However, the proposed concept reduces the efficiency, power factor, and output power below the base speed operation. The distinct features of zero cogging torque, negligible torque ripple, negligible core loss, and lower rotor inertia of slotless concept are preserved in the proposed system. 
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